Background: Allele frequencies of single-nucleotide polymorphisms (SNPs) can be quantified from DNA pools. The conventional preparation of DNA pools requires DNA isolation and quantification for each blood sample. We hypothesized that pooling of whole blood samples according to their leukocyte count, which determines DNA content, would be as reliable as the conventional pooling method but much less tedious to perform. Methods: We collected 100 whole blood samples and measured the leukocyte count. Samples were frozen until further use. After thawing, pools were generated by combining aliquots containing an equal number of leukocytes. In parallel, DNA was extracted from another aliquot, DNA concentration was measured, and DNA concentration-based pools were assembled. All original samples were genotyped directly using 4 different SNP assays to obtain the exact allele frequencies in the pool. In addition, samples of known genotypes were mixed according to the DNA concentration or the leukocyte count to generate artificial samples of known allele frequencies. We analyzed pools and mixes in triplicate by pyrosequencing and calculated allelic frequencies. Results: Leukocyte and DNA pooling provided equally accurate and precise SNP frequencies comparable to published data. Conclusion: DNA and leukocyte pooling are both suitable strategies to determine allele frequencies in frozen samples. The leukocyte pooling approach is much less tedious, quicker, and less expensive. It should be always considered if leukocyte counts are available.
The demand for simple and reliable methods to determine allele frequencies in many different populations is increasing. Allele quantification in DNA pools has been successfully used for this purpose. We hypothesized that pooling of whole blood according to the leukocyte count, which determines DNA content of the sample, may be a simple alternative to conventional pooling procedures. The major advantages are that only 1 DNA isolation is necessary from each blood pool and that hematology analyzers can generate leukocyte counts with high accuracy and precision. Therefore we compared a leukocyte count-based pooling strategy with conventional DNApooling.
Surplus whole blood from 100 complete blood counts ordered anonymously by the hospital staff occupational medicine service was collected and then stored at Ϫ20°C until further use. The study design was in accordance with the guidelines of the local ethics committee. Leukocyte counts were measured with an Advia 120 instrument (Bayer Diagnostics). The imprecision (CV) in serial measurements was 2.41%.
We extracted DNA from 200 L of each blood sample (QIAamp DNA Mini Kit, Qiagen) and analyzed genotypes by pyrosequencing for the following SNPs: lactase promoter polymorphisms (LCT) A(-22018)G and T(-13910)C, factor V Leiden (FV) (G1691A) polymorphism, and the prothrombin (F2; G20210A) gene mutation (see Figure 1 and Table 1 in the Data Supplement that accompanies the online version of this technical brief at http://www.clinchem.org/content/vol53/issue5). Finally, we calculated allele frequencies in the whole population.
To prepare DNA pools, DNA concentration was determined by a Nanodrop-System (NanoDrop Technologies). The median CV of triplicate measurements was 1.69%. An equivalent of 710 ng genomic DNA of each sample was used for pooling. Three DNA pools were prepared independently to control for pipetting errors.
For the leukocyte count based pools, we pipetted an equivalent of 710 400 leukocytes from the original, thawed, well-mixed whole blood sample into lysis buffer. Four independent leukocyte pools were assembled and DNA was extracted as described above.
Each pooled DNA was analyzed in triplicate by the pyrosequencing assays described above. The areas under the curves were determined, and the respective allele frequencies (given as percentage) for the analyzed SNPs were calculated by the instrument's allele quantification software (Biotage). Because peaks caused by the dispensation of different nucleotides resulted in reproducible but not necessarily equal areas under the curve (see Fig. 1 in the online Data Supplement), calibration was required for all SNP assays. DNAs of known genotype were combined in the appropriate ratios to obtain suitable calibrators. These were analyzed in parallel with the pool samples. Calibration curves were linear (see Fig. 1A ) for each SNP assay with regression coefficients (Pearson's correlation) r Ͼ0.997. Actual allele frequencies were deduced from the calibration curves. Results of the allele quantification experiments for DNA and leukocyte pools compared to direct genotyping results are shown in Table 1 .
To evaluate the correlation between expected and determined allele frequencies Ͻ10% and Ͼ80%, 2 samples of known genotypes were mixed based on DNA concentration and leukocyte count, generating samples of known, gradually increasing allele frequencies (mix experiments: Fig. 1C and Table 2 in the online Data Supplement).
All SNP assays used for this study are in routine use in our laboratory and were adequate for allele quantification without further optimization. Considering the correlation coefficients, pool quantification results, and published
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data (1) (2) (3) (4) (5) , all evaluated SNP tests performed appropriately. Means of 3 pool/mix experiments, each measured in triplicate, showed in most cases a deviation of Ͻ1.35% (Table 1 and Fig. 1 ) compared to the respective target value.
Our data show that leukocyte-based pools are equivalent to DNA-based pools for determination of allele frequencies, but are much less time-consuming and costly. For this study, 100 DNA isolations were necessary Table 2 in the online Data Supplement).
for the DNA pooling approach, but only 4 were necessary for the 4 leukocyte pools. We performed 100 leukocyte counts with an automated analyzer capable of measuring 120 samples per hour; 100 DNA concentrations were measured with the Nanodrop system by 1 person for 3 to 4 h. A limitation of the leukocyte pooling approach is that no individual DNA samples are available for genotyping, a shortcoming that may necessitate individual DNA preparations at a later time point. It should be noted, however, that leukocyte pooling is advantageous even when individual DNA has been prepared, because it obviates the need for time-consuming, highly accurate measurement of DNA concentrations, which is not needed for most other purposes. In summary, we believe that leukocyte pooling should always be considered if SNP analysis from pooled DNA is planned. 
